Introduction {#Sec1}
============

The need to produce foodstuffs, including those of animal origin, grows in line with expanding human population worldwide. The civilization development led to the organisation of large-scale animal breeding farms in which already one ill specimen might cause decimating the herd. This is the reason why prevention and treatment methods, in case of sickness, are widely applied to the entire herd (Kümmerer [@CR16]). This also causes vast quantities of veterinary pharmaceutical substances being used throughout the European countries (Kools et al. [@CR15]), the effect of which is the biologically active substances penetrating into the environment with, inter alia, animal urine and faeces (Boxall et al. [@CR4]; Kools et al. [@CR15]). Both the growing environmental awareness in humans and the new analytical opportunities to detect the trace substances in the environment led to increasing interest not only in the pharmaceutical substances remaining in animal tissues but also their presence in the natural environmental components such as, for example, surface waters or soil (Kümmerer [@CR16]). Drugs taken in large doses are potentially dangerous for the environment. They include the following therapeutic groups: antibiotics, analgesic, antidiabetic, antimalarial, cardiovascular and antiparasitic drugs. Special attention should be paid to veterinary pharmaceuticals which are excreted with faeces or urine due to the possibility of their direct impact on ecosystems. Albendazole belongs to a group of compounds with potential ecological significance, and it is perceived as a soil contaminant (Germer and Sinar [@CR13]; Wang et al. [@CR24]).The albendazole is a benzimidazole carbamate widely applied all over the world (Brunton et al. [@CR5]). It may be used for the treatment of animals affected by mature and juvenile nematodes and tapeworms of the *Moniezia* genus, and it also acts against sheep liver fluke (in large doses). This drug is well tolerated by cattle and administered therefore in doses amounting to 7.5 mg/kg body mass and 5 mg/kg body mass for sheep (Roliński [@CR20]). However, its practical insolubility in water poses restriction on both the use of and the opportunity to administer this drug (chemicalland21 [@CR7]). Albendazole solubility increases along with decreasing pH. Good results are also obtained when applying the co-solvents (Torrado [@CR22]).

It is usually unclear what impact the pharmaceutical industry exerts and what happens to pharmacological residues on the agricultural land (WHO [@CR27]). In the subject literature, there are many publications on the determination of albendazole in animal tissues or plasma and in medical preparations or in animal products, such as cheese or milk (Wanyika et al. [@CR25]; Fletouris et al. [@CR12]; Imitrios et al. [@CR14]; Wilson et al. [@CR28]); however, there are fewer publications concerning determination of the drug in water (Cacho et al. [@CR6], Escher et al. [@CR10]), and there is no available information on determination of the drug in soil or plants. The techniques dedicated to the determination of albendazole are usually for the HPLC method, although there are also methods using GC, ion pair liquid chromatography, UV spectrophotometer or capillary electrophoresis (Fletouris et al. [@CR11]; Wilson et al. [@CR28]; Imitrios et al. [@CR14]; Basavaiah and Negeowda [@CR2]; Prochazkova et al. [@CR19]). In order to obtain an analyte, liquid--liquid extraction is performed, usually with the use of ethyl acetate or acetonitrile, and later with hexane or petrol. Acidification of the environment is also applied, or a co-solvent is added which, in this case, is methanol (Zeugin et al. [@CR29]; Adar et al. [@CR1]; Fletouris et al. [@CR12]; Basaviah and Nagegowda [@CR2]; Torres-Padrón et al. [@CR23]; Wanyika et al. [@CR25]).

Choosing or developing an appropriate methodology for the determination of pharmaceutical substances in environmental samples is very difficult because of the diversity of the matrix, from which the small amounts of analytes are extracted, and due to the variety of their properties. For the biological tests, additional difficulties also appear that relate to the occurrence of proteins, fats and saccharides, which hinder the detection process (Beyer and Biziuk [@CR3]). This study presents a methodology for extraction from and determination of the albendazole in plant material with the application of White Windsor broad bean (*Vicia faba major*) as the model plant. In the study, dimethyl sulfoxide (DMSO) was used as an extractor in order to obtain analyte from the biological material, and one-step solid--liquid extraction was performed. The extractor used is an excellent solvent for albendazole, and the matrix received enabled direct determination with the use of the HPLC system.

Due to lack of literature data regarding concentration of the studied drug in soil, it is difficult to compare the possible levels of albendazole contamination used in the studies and the real values present in the environment. However, considering the fact that the plasma absorption of the drug is 20 to 50 % of the administered dose, depending on the kind of the animal treated, 80 to 50 % of albendazole will be excreted in unchanged form to the environment (Dayan [@CR8]). As treatment on farms is collective for prophylactic purposes, in the therapeutic periods the drug concentrations in soil can be high, of the order of milligrams per kilogram of soil. The calculation for potential drug concentration in soil conducted by the authors indicated a value of 1.7 × 10^−5^ mol/kg of soil. The worst scenario was assumed in the simulation, i.e. the contamination level after treatment. The data pertain to 150 hens and 1 ha of an ecological farm. As it is widely known, plants very often have the ability to uptake metals, pharmaceutical substances and pesticides from the environment. The presence of pharmaceutical substances in the soil may cause disturbances in vegetation growth or irregularities of their photosynthesis processes. Evaluation of the toxic impacts from pharmaceutical substances on live organisms jointly, with the possibility to simultaneous test the uptake of such substances by the given organism, provides for, *inter alia*, drawing up the Environmental Risk Assessment Reports (EMEA [@CR9]).

Materials and Methods {#Sec2}
=====================

The White Windsor broad bean (*V. faba major*) produced by Vilmorin is the plant used for these tests. It was chosen since it is a species of a crop that is widely distributed and frequently consumed. Plants of the *Fabaceae* family are used as test plants because they show sensitivity to soil pollutants (Migliore et al. [@CR18]). They also feature relatively fast growth that provides for rapid acquisition of the test material.

Albendazole (purity of \>99 %), as purchased from the Sigma-Aldrich, was the substance determined. Table [1](#Tab1){ref-type="table"} shows the basic data on this drug.Table 1Characteristics of ALBIUPAC nameMethyl *N*-\[6-(propylsulfanyl)-1*H*-1,3-benzodiazol-2-yl\]carbamate^a^Formula^a^C~12~H~15~N~3~O~2~SStructural formula![](11270_2013_1646_Figa_HTML.gif){#d30e433}Molar mass^b^265.331 g/molPhysical state^a^Solid stateLog *K* ~ow~ ^a^3.14Solubility in water^a^Practically insolubleMelting point^a^208--210 °C^a^chemicalland21 ([@CR7])^b^Escher et al. ([@CR10])

"Biohumus forte" mineral organic fertiliser produced by Agrecol was used in accordance with the manufacturer's recommendations (2 cm^3^/dm^3^) for plant-breeding in hydroponic culture and land cultivation. In addition, soil featuring the following parameters was used for in-soil cultivation:pH in aqueous solution - 4.7, in KCl -- 4.4Organic carbon content 1.1 %Absence of inorganic carbonConductivity in aqueous solution 5.5 mS/cm, in KCl 106 mS/cmWater-holding capacity 4.8 × 10^−1^ cm^3^/g

Soil humidity during the experiment was maintained at the level of about 30 %. Plant cultivation, after sprouting of the seeds, was carried out for 14 days.

Experimental Design {#Sec3}
-------------------

Figure [1](#Fig1){ref-type="fig"} shows the general procedure of the methodology developed for determination of the ALB with the *V. faba major* plant material.Fig. 1Outline of the methodology developed for determination of the ALB

In order to develop the methodology for determination of the drugs in plants, a hydroponic culture was started without any drug in a breeding medium (water + fertilizer) that provided for acquisition of the plant material for the preliminary test. This material was used to obtain the (background) extract from the plant matrix tested allowing for detection of the drug and determination of its recovery rate. The seeds purchased were soaked for 3 days to allow appropriate swelling and then cultivated in moistened cotton wool. The plant, the root-length of which reached approximately 5 mm was placed onto a polystyrene foam plate with holes drilled therein to allow the roots to contact the breeding medium. The polystyrene foam plate was put onto a water-table (1 L) in a glass reactor, total volume 1.5 L. For in-soil cultivation, the plants were prepared in an identical way with a difference that once sprouted, they were replanted into soil (1 kg) in an identical reactor. For both hydroponic and ground cultures, the reactors were positioned in the phytotron set to a 16-h day cycle and an 8-h night cycle and can be reached by fluorescent light with an intensity of 7,000 lx at the temperature of 20 ± 1 °C in order to provide the appropriate conditions ensuring proper photosynthesis in the plants. The experiments carried out are presented in Table [2](#Tab2){ref-type="table"}.Table 2The experiments performedDrugConcentration, mol/dm^3^ (mol/kg)Duration of the experiment, daysNumber of repetitionsDMSO, cm^3^Fertilizer, cm^3^Screening test---hydroponic cultureALB01.9 × 10^−5^281--2Definitive test---hydroponic cultureALB^a^03.8 × 10^−7^1.9 × 10^−6^3.8 × 10^−6^141--2ALB01.7 × 10^−5^--14312In-soil experimentALB01.7 × 10^−5^1.7 × 10^−4^14312^a^Experiment in which determination of the drugs concentration in plant material failed

The output drug concentration, i.e. 3.8 × 10^−7^, 1.9 × 10^−6^, and 3.8 × 10^−6^ mol/dm^3^, assumed for hydroponic cultures, gave no expected results, since the attempt to determine the drug in plant material failed. In order to confirm the preliminary tests (accumulation in roots was −1.1 × 10^−7^ and above-ground part 1.5 × 10^−8^), with contamination of 1.9 × 10^−5^ and incubation period of 28 days until later tests in which the incubation period was shortened to 14 days, the drug concentration was increased up to 1.7 × 10^−5^ mol/L. The 1 cm^3^ per l DMSO was used as the co-solvent to increase the drug's availability. The application of the co-solvent was done to obtain albendazole concentration in water at about 1.1 × 10^−6^ mol/dm^3^, whereas in-soil breeding, it made even distribution of the drug throughout the soil mass easier. Contaminations applied in soil cultures included theoretical potential drug concentration in soil, and the same value was increased by a factor of 10 in order to verify if the drug intake would be proportionate to the concentration. In parallel to the course of the experiments, a control breeding was also performed without any drug content.

Extracting the Drug from Plant {#Sec4}
------------------------------

The single-phase extraction of biological material with DMSO was carried out. To this end, 0.2 g of root and 0.5 g of lyophilised above-ground plant parts and 10 cm3 of DMSO were introduced into 15 cm^3^ tubes and shaken for 90 min. Then the solid parts were centrifuged and further filtered through glass fibre filters with 0.2-μm pores.

The research methodology presented above is the final result of the earlier tests to establish the simplest possible and the most effective technique to extract albendazole from the plant material *V. faba major*. Acquisition of dry biomass was made through lyophilisation process. Given the decomposition of the substance tested that occurred under the temperature impact, no drying in 105 °C temperature could be applied. Then homogenization of the biological material in porcelain mortar was carried out. Extraction from the solid phase (biological material) into the liquid phase (organic solvent) was the next step performed with the aim of acquisition of the background that must not be conflicting with the drug retention time.

Albendazole is a substance poorly or even very poorly soluble in various solvents. DMSO (chemicalland21 [@CR7]) is a solvent that features a high affinity with the drug in question. The DMSO dissolves also a wide range of other compounds. Therefore, it was decided that the two-phase extraction would be carried out in order to obtain the background, featuring the lowest possible contents of chemical compounds capable of disrupting detection performed by the HPLC method. The first extraction was done with acetone. Acetone is a substance commonly used for extracting chlorophyll from the plant material. It is also a solvent which, to only an insignificant degree, dissolves albendazole. When drying of the substance in the open air was completed (acetone makes the analysis impossible due to an intense signal), the second extraction with use of the DMSO was carried out. After purification of the extract, the chromatographic analysis thereof was conducted and it was found that the background obtained does not interfere with the albendazole retention time; however, relatively many peaks were noted in the initial minutes of the analysis that originated most likely from both the trace amounts of non-evaporated acetone and the substances leached out. Then the next step was commenced, namely, the recovery of the drug from the matrix. Extraction was performed in a similar way as before, but 10 mg of the pharmaceutical substance was also weighted out into the samples. However, the HPLC analysis showed no trace of the drug's presence. On the basis of the results obtained, it was decided to make an attempt to carry out a single-phase extraction of biological material with the use of DMSO. After the analysis, the chromatogram showed large signals originating from the background; however, it did not interfere with the drug under determination, as shown in Fig. [2a, b](#Fig2){ref-type="fig"} for both the root and the above-ground parts, respectively. For comparison, the chromatogram of pure albendazole is shown in Fig. [2c](#Fig2){ref-type="fig"}, as dissolved in DMSO, whereas Fig. [2d](#Fig2){ref-type="fig"} presents an example of chromatogram for the root part extract obtained from plants bred in hydroponic culture, where the ALB concentration was 1.7 × 10^−5^ mol/dm^3^.Fig. 2Chromatogram of the plant extract without the ALB: **a** for the root part, **b** for the above-ground part, **c** for the standard dissolved in DMSO, and **d** chromatogram of the plant extract with the ALB for the root part from the hydroponic culture

The next step included determination of the drug recovery from plants that provided information about the maximum drug mass which can be recovered from the matrix. Such information was obtained as a result of adding a known quantity of pharmaceutical substance (1.7 × 10^−5^ mol drug per kg of lyophilised plant mass) to lyophilised biological material (0.2 g of the root and 0.5 g of the above-ground plant part) and the subsequent determination of the pharmaceutical substance after the extraction process in the extract obtained. The recovery percentage is an indicator of the unavoidable losses due to adsorption of the drug by the plant biomass.

Chemical Analysis {#Sec5}
-----------------

The determination of both the background and the drug concentrations in plant material was performed with the use of high-performance liquid chromatography system provided with the UVD 340 U detector, as manufactured by the Gynkotek. Its capability provides simultaneous observation of the four wavelengths in the UV--vis range and observation of the 2D and 3D test substance spectra over the whole UV--vis range. Automatic data recording and processing thereof were performed with the application of Chromeleon software package. The RP-18 chromatography column, with length of 250 mm, as preceded by the RP-18 Hypersil Gold pre-column, with length of 25 mm and manufactured by Thermo Fisher, was the equipment used for testing. A 1-cm^3^/min flow was applied. Just as in the case of other pharmaceutical substances, the mixture of phosphate buffer and acetonitrile proved to be the best eluent (Marciocha et al. [@CR17]) and was applied in the ratio 50:50 for the experiment (15 mmol K~2~HPO~4~, pH 3.8). Duration of the analysis was 7 min. The mean albendazole retention time of the analyses performed was about 6.3 min. The spectra were recorded at 292 nm wavelength. The analytic curve applied was obtained for drug dissolved in DMSO at the concentration range 1.8 × 10^−6^ to 1.8 × 10^−5^ mol albendazole/dm^3^ (*R*^2^ = 0.999).

The Results {#Sec6}
===========

Using the methodology developed, the assessment of the drug recovery from the plant material was done. The results obtained are presented in Table [3](#Tab3){ref-type="table"}.Table 3Recovery of albendazole from the matrixRootsLeaves and sproutsMean, %92.886.2Standard deviation, %1.01.8Variation coefficient, %1.42.9

The recovery of ALB from plant biomass amounted to 93 and 86 % for root and above-ground parts, respectively.

Once the pure background was obtained in place of the retention time of the pharmaceutical substances and when the percentage of the drug recovery from the plant mass tested was determined, the test was commenced to check whether the plant chosen uptakes albendazole from the breeding medium. The tests performed have proven that the plant has uptaken the drug from the breeding medium. The results obtained are shown in Table [4](#Tab4){ref-type="table"}.Table 4Accumulation of ALB in broad beanLeaves and sproutsRootsAlbendazole concentration in plant tissue after the hydroponic breedingMean concentration of the drug in the tissues, mol~alb~/g~lm~ ^a^1.5 × 10^−8^9.8 × 10^−8^Standard deviation, mol~alb~/g~lm~ ^a^0.0010.005Variation coefficient, %1219Albendazole concentration in roots of plants in soil breedingAlbendazole concentration in soil, mol/kg~sm~1.7 × 10 − 51.7 × 10^−4^Mean concentration of the drug in the roots, mol~alb~/g~lm~ ^a^2.3 × 10^−8^2.6 × 10^−8^Standard deviation, mol~alb~/g~lm~ ^a^0.0010.001Variation coefficient, %17.718.8^a^mole albendazole per gram of lyophilised mass

The hydroponic culture, with the drug concentration in the breeding medium assumed as 1.7 × 10^−5^ mol/dm^3^, has shown the accumulation of albendazole in both the above-ground parts and in the roots of the plant. The drug concentration in roots appeared more than six times as much higher than in leaves and stems.

During breeding the White Windsor broad bean in soil with concentration values applied at 1.7 × 10^−5^ and 1.7 × 10^−4^ mol/dm^3^, it was found that the accumulation of the pharmaceutical substance occurred only in the plant roots. No peak showing the retention time typical of the albendazole was noted in chromatograms of the extract from the above-ground plant parts. Moreover, the accumulation of albendazole in the plants grown in reactors with drug concentrations of 1.7 × 10^−4^ and 1.7 × 10^−5^ mol/kg was almost identical. Although higher drug concentrations were applied, the drug's lower accumulation in the tissues of plants grown in soil is due to the test substance sorption in soil, thus making the drug unavailable to the broad bean. The higher drug accumulation in the root part results from physical and chemical properties of the ALB. As can be seen from the earlier surveys, the albendazole, due to its poor solubility and the high *K*~ow~ coefficient, undergoes mainly root sorption and has not been transported into the higher parts of the plant (Migliore et al. [@CR18]; Schneider [@CR21]).

On the basis of the results obtained (no drug accumulation in plant tissue, at the concentration of 3.8 × 10^−6^ in a hydroponic culture after 14 days of incubation), it can be assumed that ALB in an aqueous environment will pose no threat, or such threat will be very small. Low concentration of ALB in water, due to solubility and rapid degradation in natural sunlight (Weerasinghe [@CR26]), suggests that ALB will not be accumulated by plants. However, some questions can be raised regarding the soil environment. For two different levels of contamination (the second contamination level with albendazole was ten times higher than the first one), the drug accumulation in the plant root remained at the same level. Probably the availability of the studied pharmaceutical substance in the soil was at the same level for both contaminations. Most likely, the drug was gradually dissolving in the soil solution which the plant was absorbing. Further studies should be conducted in order to verify if the accumulation increases with a longer vegetative period of the plant and if it influences the plant's general condition.

Summary {#Sec7}
=======

In the methodology developed for determination of the ALB plant material, the advantages (solvent and time savings, reduced analyte losses and the higher extract condensation) of using the single-phase extraction of the drug tested, while applying the DMSO, have prevailed over its drawbacks (high background peaks). Therefore, it was decided to apply the single-phase extraction. Besides ALB, the applied DMSO is capable of co-extracting many other substances from plant material which, however, do not interfere with the retention time of the drug detection signal in the final determination by this methodology with the use of HPLC as described here. The recovery of ALB, obtained from the White Windsor broad bean plant material, provides 86 % level of recovery from the matrix for the above-ground part and 93 % for the root parts thereof.

The tests showed that the plant named White Windsor broad bean is capable of accumulation of albendazole uptaken from water and soil. This drug is accumulated in the roots by root sorption (Migliore et al. [@CR18]; Schneider [@CR21]). The maximum concentration in root tissues after hydroponic breeding was 9.8 × 10^−8^ and 2.6 × 10^−8^ mol/g~lm~ following in-soil breeding.

The authors reckon that using DMSO as an extractor could be applied for the determination of ALB not only in broad beans but also in other plants and in fixed assays, such as pharmaceutical products, tissues or soil. Excellent solubility of ALB in DMSO does not require the use of co-solvents or acidification of the environment, therefore resulting in significant transmission of the drug from the solid to liquid phase. Another advantage of the extractor used is that it can be used directly in the analysis employing HPLC or LC--MS system. DMSO is simultaneously used as an extractor and analyte for HPLC. It does not need to be removed, which simplifies the analytic method, without sacrificing the precision of determination.
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